Introduction {#S0001}
============

Aortic intramural hematoma (AIH) is an entity within the acute aortic syndrome (AAS). Under this denomination, we consider several pathologies with a common clinical presentation: classic aortic dissection, intramural hematoma, penetrating aortic ulcer, and incomplete dissection.[@CIT0001],[@CIT0002] The underlying pathophysiological mechanism is different in each of those elements. Any of them may evolve to another and, in some patients, they can coexist.[@CIT0001]

AIH accounts for up to one third of patients with AAS.[@CIT0003],[@CIT0006] Classically it has been defined as a type of classic aortic dissection without an entrance tear.[@CIT0001],[@CIT0007] Histologically, AIH consists of a haemorrhage within the aortic media of variable thickness and extension.[@CIT0008],[@CIT0010] Controversy still exists about the origin and the physiopathology of aortic intramural hematoma. Classic hypothesis of hemorrhage of vasa vasorum is now under discussion. With the current imaging techniques it is possible to observe small intimal disruptions in some patients with AIH. The exact significance and prognostic implications of those focal disruptions is under study.[@CIT0011],[@CIT0015]

Diagnosis of AAS requires a high level of clinical suspicion. Clinical presentation may be highly variable.[@CIT0001],[@CIT0013],[@CIT0014],[@CIT0016] Although chest pain is the most common clinical symptom in patients with AAS, the clinical picture of these patients may be confusing, leading to misdiagnosis.[@CIT0015],[@CIT0017],[@CIT0019] Combination of a priori probability, clinical history, laboratory blood test, and imaging techniques are the basis for a diagnosis of AIH.[@CIT0012],[@CIT0013],[@CIT0018],[@CIT0019]

This revision is focused on all aspects related to diagnosis of patients with AIH, from clinical to histopathological. In addition, we will address some important issues on the imaging follow-up.

Clinical Presentation and Differential Diagnosis {#S0002}
================================================

Compared to classic aortic dissection (AD), patients with AIH are older and they show a higher number of cardiovascular risk factors.[@CIT0003],[@CIT0020] Thereby, hypertension, diabetes, and hyperlipidemia are usually present in a greater proportion among patients with AIH.[@CIT0003] On the contrary, clinical history of Marfan syndrome is strongly associated with AD. Regarding gender, it is well known that AAS is more frequent in males.[@CIT0013],[@CIT0014],[@CIT0016] However, when comparing AIH with AD, the proportion of females is higher in the group of AIH (56% vs 44%), as found by Matsushita et al.[@CIT0021]

In patients with AAS, the clinical presentation, as well as the therapeutic approach and prognosis, is usually determined by the involvement of the ascending aorta (Stanford type A). In this sense, AIH exclusively affects the descending aorta in a greater proportion than the AD, where the Stanford type A is more frequent (73 vs 27%).[@CIT0003],[@CIT0020]

Chest pain is the most common clinical symptom among patients with AAS.[@CIT0012],[@CIT0013] This chest pain, so called "aortic pain", is described as abrupt, sharp, intense, tearing, frequently radiating in the direction of the aortic affectation and the aortic branches involved.[@CIT0022] The most frequent location of pain is the chest in patients with type A AAS, whereas aortic pain is usually located in the back in patients with type B AAS.[@CIT0001],[@CIT0013],[@CIT0015],[@CIT0017] Surprisingly, comparison between AIH and AD evinces that chest or back pain are more prevalent among patients with type B AIH (80% vs 68.9% and 79% vs 69.8%, respectively), whereas the presence of pain is present in a similar proportion of patients with type A AIH and AD.[@CIT0003],[@CIT0021],[@CIT0023]

The clinical picture of patients with AAS is highly variable. Signs and symptoms at presentation are related to arterial branch involvement, organ impairment, and other AAS-related complications. Although the clinical profile of patients with AIH and AD may be similar, there are some differences that remain constant throughout the different series and deserve mention.[@CIT0003],[@CIT0021],[@CIT0023] Clinical symptoms of heart failure are present in a lesser proportion among AIH patients than in those with AD. The explanation for this is the lower proportion of aortic regurgitation in patients with AIH and ascending aorta affectation, as compared to AD patients.

Clinical presentation of AAS may be related to arterial branches involvement and organ malperfusion. Neurological symptoms, bowel ischemia, peripheral pulse deficit, and limb ischemia are less common in AIH patients than in AD. Myocardial ischemia appears in 10--15% of patients with AD. This complication may be the result of a propagation of the dissecting hematoma to the coronary artery, dynamic occlusion caused by the intimomedial flap or involvement of the coronary ostia.[@CIT0013],[@CIT0024] Differential diagnosis may be complicated in the presence of myocardial ischemia. Eventual misdiagnosis could lead to a wrong treatment administration and potentially lethal complications. Although myocardial ischemia may occur in the AIH setting, this complication is less frequent than in patients with AD. On the contrary, periaortic hematoma and its potential consequences, such as pleural and pericardial effusion, are more prevalent in AIH.[@CIT0003],[@CIT0021],[@CIT0023]

Gathering all these features we are able to build a clinical profile of patients with AIH, as compared to those with AD: they are older, and they have more cardiovascular risk factors. Ascending aorta is less involved and therefore aortic regurgitation is less presented. Malperfusion symptoms occur less frequently, but periaortic hematoma and subsequently pericardial effusion are more common in patients with AIH.

Acute coronary syndrome and pulmonary embolism together with AAS should be considered in the differential diagnosis of patients with chest pain admitted to the emergency service.[@CIT0025]

The first step after medical history is the performance of an EKG and chest X-ray. It should be mentioned that a normal chest X-ray does not rule out an AAS as the cause of chest pain.[@CIT0026] In fact, we must consider the AAS in patients complaining of chest pain when the EKG does not show ischemic changes and troponin levels are normal or mildly elevated. Biomarkers and imaging tests will be essential in the diagnostic workup.

Biomarkers {#S0003}
==========

Current clinical practice guidelines collect a series of biomarkers that should be measured in all patients admitted with chest pain for differential diagnosis or detection of complications.[@CIT0012],[@CIT0013] Among them, red and white blood cell count will help to identify serious blood loss, anemia, and the presence of concomitant infection and inflammatory response, respectively. High levels of aspartate transaminase and alanine aminotransferase may indicate the presence of liver ischemia, as is the case with creatinine in renal malperfusion. Nevertheless, all these biomarkers are non-specific of AAS or AIH. In patients with AAS they are useful as prognostic markers and for the identification of potential AAS-derived complications.[@CIT0012],[@CIT0013]

Plasma D-dimer is a degradation product of cross-linked fibrin which has proved utility in diagnosis of pulmonary embolism.[@CIT0027],[@CIT0028] The upper normal limit is 500 ng/mL. D-dimers are also useful in diagnosis of suspected AAS, mainly during the first 24 hours after symptoms onset.[@CIT0029] Diagnostic accuracy of D-dimer decreases when the blood sample is obtained too early after the onset of pain or when measurements are performed later than 7 days. Repeated measurement could be helpful when the initial determination results are negative.[@CIT0030]

The usefulness of D-dimer in the diagnosis of AD has been widely proved in numerous studies.[@CIT0018],[@CIT0029],[@CIT0031],[@CIT0034],[@CIT0036] A metanalysis combining the results of seven studies including 734 patients showed that the sensibility and specificity of D dimer in diagnosis of AD were 97% and 56%, respectively.[@CIT0032] A high negative predictive value (NPV) is the main power of D-dimer. The NPV of D-dimer slightly varies throughout the studies and is placed at 96% for a cutting value of 500 ng/mL in the previously mentioned meta-analysis.

The available data regarding the diagnostic accuracy of D-dimer in patients with AIH are not so vast as for AD. Gorla et al[@CIT0030] performed serial measurements of D-dimer levels in 231 patients, of which 35 had an AIH, and compared them to 291 controls without AAS admitted for chest pain. D-dimer resulted in a useful marker for the diagnosis of AAS, both in AD and AIH. The area under the curve in patients with AIH was 0.98 (*P*\<0.001). When using a cutoff value of 500 ng/mL, D-dimer showed excellent diagnostic properties for detection of AIH: sensibility 100%, specificity 67%. In patients with isolated penetrating aortic ulcer the diagnostic performance was not so good.[@CIT0030]

When included in an algorithm based in the a priori probability of AAS, D-dimer levels increase the diagnostic value of the strategy.[@CIT0018],[@CIT0033] Thus, when a particular patient does not show any of the risk factors for AAS and the D-dimer is negative, the failure rate for rejection of AAS diagnosis is 0.3%, similar to when the patient has one risk factor but the D-dimer is also negative.[@CIT0018] In terms of diagnostic accuracy, the strategy based on the combination of pre-test probability of AAS plus D-dimer yielded a NPV of 99.7%, whereas sensibility and specificity results were 98.8% and 57.3%, respectively.[@CIT0018]

Serial D-dimer measurements may also be helpful during hospitalization of patients with type B AIH.[@CIT0034] A significant re-elevation of D-dimer levels can be associated with progression of the disease. In patients with AIH, this re-elevation may indicate transformation into a classic AD, the extension of damage, the formation of new ulcer-like lesions or the enlargement of previous ones.[@CIT0034],[@CIT0035] D-dimer re-elevation could also be related to the thrombotic process, such as deep vein thrombosis or pulmonary embolism that sometimes appear as complications of the process.[@CIT0035],[@CIT0036]

D-dimer has also proved to have an association with prognosis, not only the level at admission, but also measurements during hospitalization.[@CIT0030] Then, higher levels of D-dimer at admission and during in-hospital follow-up are associated with a worse prognosis and higher mortality. Indeed, a D-dimer level \>9 mg/L (9,000 ng/mL) resulted in an independent factor of greater mortality among patients with AAS.[@CIT0030]

A number of biomarkers have been assessed in the setting of AAS. Such is the case of smooth muscle myosin, soluble fragments of elastin, calponin, or matrix metalloproteinase 8.[@CIT0037],38,[@CIT0039],[@CIT0042] They still remain in a research phase and their use has not been incorporated to clinical practice yet. All of them have been evaluated for diagnosis in patients with classic AD and there are no available data on AIH.

Imaging Test {#S0004}
============

Imaging techniques are the cornerstone for diagnosis of patients with AAS, and more precisely those with AIH. Chest X-ray is mandatory in all patients with suspected AAS. However, the diagnostic ability of this technique is quite poor. Computed tomography (CT) is the best choice in case of high suspicion of AAS. Both CT and magnetic resonance imaging (MRI) are the leading imaging techniques in diagnosis of AIH-patients. The different diagnostic test used in diagnosis of AIH will be discussed in detail through this section.

Echocardiography {#S0004-S2001}
----------------

Considering its wide availability and readiness, transthoracic echocardiography (TTE) at bedside must always be the first imaging test to be done in patients with high suspicion of AIH.[@CIT0013] This statement is especially meaningful in unstable patients in whom rapid TTE can be done in the emergency department. TTE will not only help in diagnosis of AIH, but also will give some important clues for the differential diagnosis with acute coronary syndrome and pulmonary embolism.[@CIT0040]

TTE enables evaluation of some segments of the aorta, such as the aortic root and the proximal segment of the ascending aorta ([Figure 1A](#F0001){ref-type="fig"}).[@CIT0041],[@CIT0042] In some cases, it is also possible to obtain images of the aortic arch, proximal descending aorta, and some segments of the abdominal aorta. Although in patients with classic AD it is well documented that there is a sensibility of 75--90% for type A AD which decreases to 31--55% in type B AD,[@CIT0013],[@CIT0042] this is not the case for AIH, where sensibility is less than 40%.[@CIT0043],[@CIT0044] Even with contrast administration, diagnostic competence of TTE in AIH is low. Therefore, isolated TTE is not recommended for diagnosis of AIH.Figure 1(**A**) Parasternal long axis view showing a thickened aortic wall in a patient with type A intramural aortic hematoma (arrowhead). (**B**) Same view with color doppler. Notice a significant aortic regurgitation.

However, some complications of AIH, as pericardial effusion, are excellently detected with TTE.[@CIT0003],[@CIT0041],[@CIT0044],[@CIT0046],[@CIT0047] Pericardial effusion appears in up to 60% of patients with type A AIH.[@CIT0003],[@CIT0045] In some cases, pericardial effusion is a sign of aortic rupture, whereas in some others it resulted from blood extravasation through an irritated adventitia.[@CIT0046] In any case, the presence of pericardial effusion in patients with AIH is associated with a worse prognosis.[@CIT0001],[@CIT0003],[@CIT0006] TTE also allows evaluation of the aortic valve and aortic regurgitation ([Figure 1B](#F0001){ref-type="fig"}).[@CIT0013],[@CIT0042],[@CIT0044],[@CIT0046] Thirty-five percent of patients with type A AIH have some grade of aortic regurgitation.[@CIT0003] In such cases, the severity of the aortic regurgitation will have important implications on the surgical technique.

TTE is sometimes limited by acoustic interferences, rib cage abnormalities, and lung interposition. These may be overcome with the transoesophageal echocardiography (TOE). Nevertheless, TOE requires a higher level of expertise in the operator for image acquisition and in interpretation.[@CIT0046] In AIH, TOE is a reliable technique with a 96.5--99.6% sensibility and 92.3--98.5% specificity.[@CIT0042],[@CIT0046],[@CIT0048] A \>5 mm aortic wall thickness is accepted as a diagnostic criterion in the presence of a compatible clinical setting.[@CIT0043] Normal aortic wall thickness is placed at 3 mm or less.[@CIT0043] Mean aortic wall thickness has been placed at 12 mm for type A AIH and 10 mm for type B, throughout the series.[@CIT0043],[@CIT0049] Medial displacement of the intimal calcium may be identified by TOE and is helpful in the differential diagnosis with a mural thrombus. Identification of patent flow in both the true and the false lumen is a typical sign of classic AD, as a difference to AIH. However, when the false lumen is completely thrombosed, differentiation between both entities is not so easy. TOE is an essential tool in the operating room for the assessment of aortic valve injury. TOE is clearly superior to TTE in the evaluation of the aortic valve and identification of the aortic regurgitation mechanism.[@CIT0050]

Compared to other imaging techniques, such as the CT and MRI, TOE does not provide complete information of the whole aorta extension and aortic branch injury. Other disadvantages of the TOE are the need for patient sedation, the presence of artifacts and reverberations that may simulate an intimal flap. These reverberations appear in 44--55% of studies.[@CIT0051] The TOE must be performed by experienced staff in order to make a proper diagnostic assessment and to avoid potential diagnostic errors.

Computed Tomography {#S0004-S2002}
-------------------

CT has several advantages that make it the preferred technique for patients with suspected acute AIH. CT images have rapid examination times and are extensively available in emergency services of most hospitals. CT also allows full anatomic assessment of the whole aorta and aortic branch vessels. For all these reasons CT is the most widely used imaging technique for diagnosis of patients with AAS and AIH.[@CIT0003],[@CIT0041],[@CIT0052] CT sensitivity in the diagnosis of AIH rounds 100%.[@CIT0047],[@CIT0052],[@CIT0055] Results from the IRAD series showed that 85% of patients with type A AIH and 92% with type B AIH underwent CT. None of the patients in this series had a normal CT.[@CIT0003]

For diagnosis of AIH both unenhanced and contrast-enhanced images must be obtained.[@CIT0053] On unenhanced CT images AIH appears as a circular or crescentic hyperattenuating thickening in the aortic wall. This thickening is usually \>7 mm and attenuation is 60--70 HU ([Figure 2A](#F0002){ref-type="fig"}).[@CIT0053] After contrast administration, the AIH typically appears as non-enhanced circular or crescent-shaped aortic wall thickening.[@CIT0001],[@CIT0007],[@CIT0047],[@CIT0049] When present, intimal calcifications are characteristically displaced inward as a difference with mural thrombus ([Figure 2B](#F0002){ref-type="fig"}). AIH may coexist with penetrating aortic ulcers, associated with atherosclerosis. Classic AD is also observed in some aortic segments in patients with AIH.Figure 2(**A**) Unenhanced computed tomography image where aortic intramural hematoma appears as a crescentic hyperattenuating thickening in the aortic wall (asterisk). (**B**) Same slice after contrast administration. The aortic intramural hematoma can be observed as non-enhanced crescent-shaped aortic wall thickening. Intimal calcification is characteristically displaced inward (arrowhead).

With current CT equipment it is possible to identify some relevant details in patients with AIH. Although classically AIH was thought to be the result of an intramedial haemorrhage of the *vasa vasorum* without an entrance intimal tear, the underlying pathophysiological mechanism is still a controversial issue.[@CIT0002],[@CIT0006],[@CIT0054],[@CIT0055] In fact, intimal tears have been found intraoperatively in the ascending aorta in up to 73% of patients initially diagnosed of type A AIH submitted to surgery.[@CIT0021],[@CIT0056] In some patients with AIH these tiny intimal tears are evident on the CT slices, whereas in some others they remain invisible on the imaging test. Ulcer-like projections (ULP), also called focal intimal disruptions, may also be observed within the thickened aortic wall of patients with AIH ([Figure 3A](#F0003){ref-type="fig"}).[@CIT0011],[@CIT0013],[@CIT0055] These lesions should be distinguished from tiny intimal disruptions, which correspond to artery branch ostia ([Figure 3B](#F0003){ref-type="fig"}). Among these last, characteristically the orifice size is less than 3 mm and it is possible to follow the path of the vessel emerging from the aorta.[@CIT0054]Figure 3(**A**) Ulcer-like projection in the descending aorta of a patient with aortic intramural hematoma (arrow). (**B**) Tiny intimal disruption corresponding to an artery branch ostium (arrow).

The origin and pathophysiology of ULP is not completely understood.[@CIT0011],[@CIT0013],[@CIT0055] The underlying mechanism will probably be different depending on the moment of occurrence.[@CIT0054],[@CIT0055] The presence of ULP in the acute phase of the AIH is associated with an increased risk of aortic rupture. Conversely, when these lesions are observed in a subacute or chronic phase, they tend to reabsorb or to evolve towards aortic dilation.[@CIT0054] In such cases of ULP appearing in the chronic phase of AIH, the most probable mechanism is the parietal stretching as a consequence of the intramedial hematoma. Among those ULP observed at presentation in the acute moment, it has been hypothesized that they could be truly entry tears of an aortic dissection with thrombosed false lumen. Previous studies in patients initially diagnosed with type AIH who underwent surgery in whom an intimal tear was observed in the ascending aorta support this hypothesis.[@CIT0021],[@CIT0056]

One of the main characteristics of AIH is its evolving nature.[@CIT0035],[@CIT0049] It is hard to make predictions about the evolution of the AIH in a particular patient. Therefore, performing serial control CT scans during hospitalization and follow-up after discharge will be essential.[@CIT0057],[@CIT0058] There are no formal recommendations on when to perform control CT scans. Decision-making should be individualized in each case, and participation of the aortic multidisciplinary team is mandatory. It is recommended to perform a control CT scan 48--72 h after initial diagnosis and in the case of new onset symptoms or hemodynamic instability.

Patients with AIH can result in stabilization or even evolve to complete resorption.[@CIT0035] In some patients, AIH remodeling may lead to aortic dilation and aneurism formation.[@CIT0001],[@CIT0006],[@CIT0049] It is not so rare that classic aortic dissection could appear during the follow-up in patients with AIH.[@CIT0007],[@CIT0059] Actually, in some patients both entities can coexist at the moment of acute presentation. The most feared complication of AIH is the aortic rupture. CT scan enables identification of some features of the AIH associated with a worse prognosis. Ascending aorta involvement, maximum hematoma thickness \>11 mm, and maximum aortic diameter \>50 mm have been linked to a higher risk of complications[@CIT0007],[@CIT0013],[@CIT0059] Some other details, such as pleural or pericardial effusion, organ ischemic signs are also noticed by CT scan. As mentioned above, the identification of focal intimal disruptions or ULP in the acute phase entails a higher risk of aortic rupture and the invasive treatment should be considered.[@CIT0013],[@CIT0054] ULP \>10 mm in depth associates a greater risk of complications. Considering new onset ULP in the chronic phase, the optimal treatment is controversial. While some authors stand for an invasive approach with endoprosthesis implantation in order to stabilize lesions, some others recommend a more conservative strategy based on serial control CT scans, leaving surgical or endovascular treatment for those patients who present significant aortic enlargement.[@CIT0007],[@CIT0011],[@CIT0014] The appearance of classic aortic dissection in certain aortic segments is also associated with an increased risk of rupture and the invasive alternative must be considered.

Radiologically, differential diagnosis of AIH include the classic AD with thrombosed false lumen and the mural thrombus. Differences between AD with fully thrombosed false lumen and AIH are difficult to recognize. Identification of an entrance tear or the presence of certain segments with patent flow in the false lumen are both properties of classic AD. In some patients, the true diagnosis can only be confirmed in theatre when patients undergo surgery.[@CIT0056] Regarding the mural thrombus, hyper-attenuation is typically not observed on the unenhanced images.[@CIT0060] The inline of the mural thrombus is usually irregular, compared to the smooth border of AIH. Unlike the AIH where intimal calcium is displaced inward, calcification is usually placed externally to the mural thrombus ([Figure 4](#F0004){ref-type="fig"}).Figure 4Two computed tomography slices showing a mural thrombus. As a difference to aortic intramural hematoma, intimal calcium remains external to the thrombus (arrow). Borders are usually irregular (arrowhead).

Differential diagnosis of AIH must include the aortitis.[@CIT0061] Although the clinical picture is generally different and is helpful to guide the diagnosis, there are several cases reported in the literature of aortitis simulating an AIH. There are some clues that could be useful for radiological diagnosis. ULP or intramural blood pools are not observed among patients with aortitis on the angio-CT images. Therefore, those focal lesion may be useful in differentiating AIH from aortitis.[@CIT0011],[@CIT0013],[@CIT0055] Circular, and not crescent-shaped, aortic wall thickening is more common in aortitis. However, some of the typical imaging signs of AIH may be present in patients with aortitis. Such is the case of central displacement of intimal calcification, hyperintensity in non-contrast images, and the absence of enhancement after contrast administration.[@CIT0062],[@CIT0063] In this sense, positron emission tomography-CT (PET-CT) may have the key for diagnosis. An increased glucose uptake and subsequent hyper-enhanced corresponding to the thickened aortic wall is diagnostic of aortitis.[@CIT0061] AIH could also be present in patients with a known medical history of vasculitis, which makes it even more difficult to diagnose.[@CIT0064] The clinical picture is that D-dimer levels and inflammatory markers could be helpful. Histopathologic study could be especially helpful in such cases to determine the degree of aortic inflammation.

Incomplete dissection refers to a situation in which the intimomedial tear is not followed by separation of the medial layers.[@CIT0001],[@CIT0064] Incomplete dissection is usually accompanied by some degree of sub-adventitial hematoma whose radiological appearance may be confounded with an AIH ([Figure 5](#F0005){ref-type="fig"}). Differentiation of both entities can be really difficult. Identification of an eccentric bulge near the tear and concomitant aortic dilation are typical features of incomplete dissection.[@CIT0060] Electrocardiogram-gated CT imaging may help in the differential diagnosis of AIH and other aortic pathologies as it better defines the aortic wall and eliminates pulsation artefacts. Prospective acquisition significantly reduces radiation doses. Unenhanced CT sequences are also essential for detection of AIH among other aortic pathologies.Figure 5Incomplete dissection with some degree of sub-adventitial hematoma on a computed tomography slice. Notice the intimal tear (arrow).

Magnetic Resonance Imaging {#S0004-S2003}
--------------------------

The diagnostic accuracy of MRI for AIH is comparable to that of a CT scan and sensibility reaches 100%.[@CIT0053] However, MRI is not routinely used for diagnosis of AIH in the acute setting. Results from the IRAD series showed that MRI was the diagnostic technique in 14.1% of patients with type A AIH and 17.8% of type B AIH.[@CIT0003] Main reasons for this difference with CT lie on the lower availability of MRI in the emergency departments and the longer time required for image acquisition and post-processing. In high-experienced centres, MRI usually take about 30 minutes to obtain images needed for AIH diagnosis. MRI is incompatible with some devices required for life support of unstable patients, which also limit its use.

MRI does not require ionizing radiation, so this is a significant advantage for the follow-up imaging studies. Thus, young patients affected of AIH will require at least one annual imaging test to monitor AIH evolution.[@CIT0012],[@CIT0013] In addition, MRI gives important functional information of the aortic valve. This technique also allows identification of pleural and pericardial effusion. Precise measurements of the aortic diameter and aortic wall thickness can be obtained with MRI images ([Figure 6](#F0006){ref-type="fig"}). On echo-gradient sequences, AIH appears isointense, whereas it becomes T1-hyperintense over time due to methaemoglobin formation. The absence of these evolutive changes suggests maintained hemorrhage.[@CIT0065] Dynamic and contrast-enhanced sequences show patent flow in the false lumen, as different to AIH.[@CIT0054]Figure 6Magnetic resonance images (echo-gradient sequence, axial and sagittal views) showing intramural aortic hematoma. An ulcer-like projection is observed at the abdominal aorta (arrow).

Pathology {#S0005}
=========

Histopathologic examination of the aortic pieces is the ultimate and definitive step in diagnosis. As mentioned above, in some patients initially diagnosed of type A AIH, surgical examination revealed a tiny intimomedial entrance tear with a thrombosed false lumen.[@CIT0056] In these cases, the false channel has not been decompressed by a re-entrance tear and an immediate thrombosis of the false lumen occurred.[@CIT0001] Thus, either macroscopic or microscopic observation of the aortic pieces are essential to determine the right diagnosis, to correlate the clinical picture with the anatomic findings, and to understand the pathophysiology of the acute aortic syndrome.[@CIT0066],[@CIT0067]

In anatomic pieces of patients with AIH, a hematoma disrupting the aortic media is well documented on histological analysis ([Figure 7](#F0007){ref-type="fig"}). This hematoma is usually intramedial, but in some aortic segments it may be subadventitial, representing a contained aortic rupture.[@CIT0001] The rupture of sick vasa vasorum and traumatic rupture of healthy ones may be involved in the development of the intramedial hemorrhage. Pathology is also essential in establishing the differential diagnosis with other aortic entities such as aortitis, where a marked thickening of the aortic wall with peri-aortic inflammation, but without signs of intramural haemorrhage, can be observed.Figure 7Histological section (hematoxylin eosin staining) of a patient with intramural hematoma. Hematoma (asterisk) within the aortic media is well documented.

Prognostic Markers in AIH {#S0006}
=========================

As mentioned above, AIH is characterized by a highly variable evolution that makes it difficult to anticipate the clinical course. When compared to classic AD, patients with AIH usually have a better prognosis with lower in-hospital and midterm mortality.[@CIT0020]

It is well known that AIH may progress to classic AD and aortic rupture. Besides, in some patients aortic remodeling can lead to aortic dilation and aneurysm formation, whereas complete resorption of the intramedial hematoma has been also well documented.[@CIT0001] There are several features that have been associated with an increased risk of complications. Such is the case of ascending aorta involvement or aortic diameter \>50 mm which have been strongly associated with a greater risk of progression to aortic dissection and aortic rupture.[@CIT0003],[@CIT0059] Moreover, AIH thickness (\>11 mm) and increasing aortic diameter (\>5 mm/year) in repeated imaging tests have also been related to a worse prognosis.[@CIT0045] A number of studies have focused on the appearance and prognostic impact of intimal defects and ulcer like projections. Some of them have delved into the underlying pathophysiological mechanism and have suggested that in some patients those intimal defects could be true entrance tears and such AIH would be classic aortic dissection with thrombosed false lumen.[@CIT0021],[@CIT0056] Recent studies underscore the relevance of the exact moment of occurrence.[@CIT0054] Either way, ulcer-like projection in the setting of AIH requires close clinical and image monitoring.

A decision on when to intervene, either with open surgery or endovascular aortic repair, is beyond the scope of this review focused on diagnosis. However, an aggressive approach should be considered in type B AIH in the following clinical scenarios: appearance of focal intimal disruptions or ulcer-like projections in the acute phase (\<14 days after symptoms onset), large intimal erosion (\>20 mm), refractory hypertension and uncontrolled pain, progressive pleural effusion, maximum aortic diameter of \>45 mm in the acute phase or \>50 mm in the chronic phase, significant aortic enlargement during the follow-up (\>5 mm/year), and AIH progression to the ascending aorta.[@CIT0001],[@CIT0013],[@CIT0068] Therapeutic decisions must be taken by the aortic multidisciplinary team.

Conclusion {#S0007}
==========

Diagnosis of AIH requires a high level of clinical suspicion. Combination of clinical history, laboratory blood test and imaging techniques are the cornerstone of diagnosis. D-dimer is a useful marker in the differential diagnosis of patients with chest pain at the emergency department. Imaging tests are crucial to achieve a right diagnosis. TTE should be the first imaging approach, but CT will be definitive for diagnosis. Evaluation of the entire aorta extension and aortic branches is mandatory. Serial control CT images are necessary to monitor AIH evolution.
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